In a randomised, double-blind trial among patients receiving antihypertensive medication, the effects of the oral treatment with coenzyme Q10 (60 mg twice daily) were compared for 8 weeks in 30 (coenzyme Q10: group A) and 29 (B vitamin complex: group B) patients known to have essential hypertension and presenting with coronary artery disease (CAD). After 8 weeks of follow-up, the following indices were reduced in the coenzyme Q10 group: systolic and diastolic blood pressure, fasting and 2-h plasma insulin, glucose, triglycerides, lipid per-
Introduction
Clinical and experimental studies indicate that coenzyme Q10 deficiency may be associated with hypertension, hyperlipidaemia, coronary artery disease (CAD) and congestive heart failure. [1] [2] [3] [4] [5] [6] [7] Coenzyme Q10 supplementation has been reported to be protective against cardiovascular disease.
1-4 Several investigators claim that coenzyme Q10 can decrease blood pressure in experimental models as well as in patients with hypertension. 2, [5] [6] [7] [8] [9] [10] No large scale, long-term placebo controlled studies have been published that demonstrates the hypotensive effect of coenzyme Q10.
Recent studies [11] [12] [13] [14] indicate that free radical stress is an important mechanism for the development of hypertension which poses the possibility that antioxidants could be another line of management in the treatment of hypertension with oxidative stress. Digiesi et al [8] [9] [10] reported that the antihypertensive effect of coenzyme Q10 may be due to a decrease in peripheral vascular resistance as a result of improved metabolism of arteriolar smooth muscle cells. 9 Coenzyme Q10 in its reduced form is a potent antioxidant 15 and membrane stabilising agent and it
Correspondence: Dr RB Singh, Hon. Prof. Preventative Cardiology, Heart Research Lab, MHRC, Civil Lines, Moradabad-10 (UP) 244001, India Received 2 September 1998; revised 6 October 1998; accepted 21 October 1998 oxides, malondialdehyde and diene conjugates. The following indices were increased: HDL-cholesterol, vitamins A, C, E and beta-carotene (all changes P Ͻ 0.05). The only changes in the group taking the B vitamin complex were increases in vitamin C and beta-carotene (P Ͻ 0.05). These findings indicate that treatment with coenzyme Q10 decreases blood pressure possibly by decreasing oxidative stress and insulin response in patients with known hypertension receiving conventional antihypertensive drugs.
may also inhibit catecholamines and might improve insulin action and are important in the pathogenesis of hypertension. 1, 2, 16, 17 Langsjoen et al 2 supplemented coenzyme Q10 to the presenting antihypertensive drug therapy in 190 patients who were known to have hypertension for several years and reported reduction in blood pressures, improvement in cardiac function and decreased requirement of antihypertensive drug therapy. However in this study, all the patients did not have CAD. No randomised study has examined the effect of coenzyme Q10 in known hypertensives with CAD. In the present study, we tested the hypothesis that treatment with coenzyme Q10 can decrease blood pressure and oxidative stress in patients with known hypertension and CAD.
Subjects and methods
All patients who were receiving antihypertensive medication for more than 1 year and had coexisting CAD on admission to hospital were considered for inclusion to this substudy. This study is a part of the main trial of coenzyme Q10 in patients who present with acute CAD, 18 therefore sample size calculations were not done. In the earlier paper, only acute CAD and its outcome was discussed.
Angina pectoris (n = 8) was diagnosed by a history of cardiac chest pain of Ͻ30-min duration and a positive electrocardiogram showing ST segment depression or more than 2 mm in chest leads and 1 mm in the limb leads and/or T wave inversions with a positive response to sublingual nitrates. Myocardial infarction (n = 45) was considered 19 in the presence of any of the two criteria, a record showing a history of classical chest pain, electrocardiographic changes consistent with myocardial infarction and more than double the rise in cardiac enzymes, creatinine phosphokinase and serum glutamic oxalotransferase of normal values. Unstable angina (n = 6) was diagnosed if cardiac chest pain lasted for Ͼ30 min without a significant increase in enzymes or absence of diagnostic electrocardiographic changes or a combination. The exclusion criteria were: if the patients had none of the above features and non-CAD diagnosis was considered (n = 4), death before randomisation (n = 3), patients lost to follow-up (n = 5), blood urea Ͼ40 mg/dL (n = 1), diarrhoea or dysentery or persistent vomiting (n = 1), or known hypertension of Ͻ1 year duration (n = 2). All patients presented within 3 days of the onset of chest pain and were hospitalised for 2-10 days. Out of a total of 59 patients who completed this study, 93.2% (n = 55) were receiving monotherapy for hypertension.
Treatment
The subjects in both groups remain blinded to whether or not they were in the control or coenzyme Q10 group and both the groups met separately. The test products were provided to patients in identical containers in all respects. We used B-complex vitamin capsules in control group B patients which are not known to cause any decrease in blood pressure during a trial of 8 weeks. The test drug coenzyme Q10 is marketed under the trade name Q-gel 20 which is a hydrosoluble coenzyme Q10 softsules (Tishcon Corporation, USA). Each capsule of Q-gel contains 30 mg coenzyme Q10. All patients in the intervention group (group A) were administered two capsules twice daily (120 mg of coenzyme Q10/day) from the same lot of Q-gel. The control group capsules containing thiamine mononitrate IP 3 mg, riboflavin IP 3 mg, pyridoxine hydrochloride IP 1 mg and nicotinamide IP 25 mg (two capsules twice daily) were administered in the comparison group B. Drug compliance was monitored by counting the number of capsules returned by the patients on follow-up visits or each day during hospitalisation. Both groups received similar advice on diet and lifestyle factors through a printed sheet given to each patient.
Study design
All patients with the clinical diagnosis of CAD who were receiving antihypertensive medication for at least 1 year and had a clear diagnosis of hypertension was asked to give a written, duly informed consent (approved by the review board of human studies in our centre) to participate in the study. Each was individually randomised by the pharmacist to receive either coenzyme Q10 or vitamin capsules supplied in identical containers by the Heart Research Laboratory blinded to physicians and technicians examining the blood. 18 Treatment group A received coenzyme Q10 and the control group B received B-complex vitamins for the follow-up period of 8 weeks while maintaining similar diet and lifestyle in both groups. All other treatments such as nitrate, aspirin, and antihypertensive drugs were given to both groups of patients. Baseline blood pressure and heart rates were recorded after the observation period of 24 h in basal resting condition in the hospital. At the end of study, blood pressures were recorded in similar basal conditions.
Clinical data
Blood pressure was measured in the right arm with a mercury manometer after a 5-min rest with the patient resting comfortably in a supine position. Phase V Korotkoff sounds were recorded for diastolic blood pressure. Blood pressure Ͼ140/90 mm Hg was considered as hypertension. Alcohol intake was considered in the presence of alcohol consumption (60 ml or above of whisky or 740 ml or beer) at least once in a week. Smoking was considered to be the smoking of one or more cigarettes or beedies per day. A 12-lead electrocardiograph recorded in all the patients at entry to the study and whenever indicated in all the patients. Clinical data, angina pectoris, complications, drug intake and their adverse effects were recorded for 8 weeks with the help of a questionnaire unaware of treatment groups. All patients were followed at weekly intervals. Drug intake was reduced if the systolic blood pressure decreased Ͻ120 mm Hg and angina did not occur in last 48 hours.
Laboratory data
Blood samples were drawn at entry and later in a fasting state in the morning. Blood was analysed for blood counts, haemoglobin, urea, glucose, cardiac enzymes, lipid peroxides (thiobarbituric acid reactive substances, TBARS), malondialdehyde, and diene conjugates as well as vitamin A, E and C and beta-carotene in all the patients. [20] [21] [22] [23] [24] [25] Serum or heparin plasma was stored in a refrigerator after centrifugation. All the reagents were made in our laboratory. Laboratory personnel analysing the blood were blind to the two treatment groups. An increase in plasma levels of TBARS, malondialdehyde and diene conjugates are indicators of free radical stress.
The coefficient of variation for vitamin A, E and C and beta-carotene were 4.1%, 3.4%, 4.5% and 2.2% respectively.
Fasting and 2-h plasma insulin 26 and glucose levels after taking 75 g oral glucose mixed with 200 ml water, were obtained in all the patients. Plasma levels of vitamin A, E and C and beta-carotene were obtained by colorimetric methods. 24, 25 Enzymatic methods were used to determine total cholesterol. High density lipoprotein (HDL) cholesterol was estimated after precipitation of non-HDL cholesterol with manganese heparin substrate.
Statistical analysis
Statistical comparisons were done by Friedman's two-way (repeated measures) analysis of variance for ordinal variables. Chi square test (Z score) for proportion were used to obtain the statistical significance among the intervention and control group. A P value Ͻ0.05 and two-tailed t-test were considered significant. Those patients who were not available during the follow-up were excluded from the analysis. Blood pressure recorded after 24 h of observation period was considered as baseline blood pressure. Data is shown as mean and standard deviation, number of subjects, or per cent incidence.
Results
Of 64 hypertensive patients with CAD who were randomised to either coenzyme Q10 group A (n = 32) or control group B (n = 32), two patients in group A and three in group B were not available for follow-up during the period of 8 weeks. Mean age, body weight, and body mass index were comparable between the two groups ( Table 1) . Current smokers were slightly more frequent in the intervention group, but male sex alcohol intake, myocardial infarction, unstable angina and angina pectoris were comparable. In the prior drug therapy, nifedipine intake was slightly higher and enalapril maleate intake lower in the coenzyme Q10 group than the control group. Drug therapy at entry to the study showed that nitrate intake was significantly lower in the coenzyme Q10 group but antihypertensive drugs diltiazem, metoprolol and enalapril maleate intakes were comparable between the two groups. Drug intake at completion of study revealed that the consumption of diltiazem, metoprolol, enalapril maleate and nitrate were significantly lower in the coenzyme Q10 group than placebo group (Table 1) . Table 2 shows that systolic and diastolic blood pressure, heart rate and waist-hip ratio in men showed significant decline in the coenzyme Q10 group than control group. Fasting and 2-h plasma insulin and glucose levels and fasting triglyceride levels showed significant reduction whereas HDL cholesterol showed significant increase in the coenzyme Q10 group compared to the control group. Fasting plasma insulin/fasting glucose ratio also showed greater decline in the intervention group compared to control group. The net reductions in systolic and diastolic blood pressures, heart rate, waist-hip ratio, fasting and 2-h plasma insulin and glucose levels and triglycerides levels and net increase in HDL-cholesterol were also significantly greater in the coenzyme Q10 group compared to the control group (Table 2) . Body weights which were comparable at entry to study showed only non-significant minor decrease at 8 weeks of follow-up in coenzyme Q10 and placebo groups respectively (65.0 ± 5.7 vs 64.6 ± 5.3 kg).
After 4 weeks of follow-up, systolic blood pressure, fasting plasma insulin and blood glucose levels respectively showed significantly a decline in the coenzyme Q10 group than control group (Table 2) .
Mean levels of antioxidant vitamin A, E, C and vitamin E/cholesterol ratio and beta-carotene showed significant greater rise in the coenzyme Q10 group than the control group. However, TBARS, malondialdehyde and diene conjugates (which are indicators of free radical stress and were comparable at entry), showed significant reduction both at 4 and 8 weeks in the intervention group A compared to the B vitamin group control group (Table 3) . At 4 weeks, vitamin E, C and beta-carotene showed a significant rise in the coenzyme Q10 group whereas only vitamin C and beta-carotene were significantly increased in the control group.
Angina pectoris assessed by questionnaire (6.6 vs 44.8%, P Ͻ 0.05) and sublingual trintrate consumption (6.5 vs 20.6 mg/day, P Ͻ 0.02) were also significantly less in the coenzyme Q10 group compared to the control group. Adverse effects of test medications such as nausea (6 vs 3) vomiting (2 vs 1) and headache (1 vs 1), and abdominal discomfort (2 vs 1) were slightly more in the coenzyme Q10 group than the control group.
Discussion
This study shows that treatment of blood pressure in patients with known hypertension and CAD with coenzyme Q10 (60 mg twice daily) administration may be associated with a significant reduction in systolic and diastolic blood pressure in the coenzyme Q10 group compared to control group during a follow-up period of 8 weeks. Fasting plasma insulin and glucose levels and 2-h plasma insulin and glucose concentrations also showed a significant decline in the intervention group compared to Values are expressed as mean ± ISD. Cl = confidence interval. *P Ͻ 0.05, **P Ͻ 0.01. Values are expressed as mean ± ISD. Cl = confidence interval. *P Ͻ 0.05, **P Ͻ 0.01. TBARS = thiobarbituric acid reactive substance.
the control group. While HDL-cholesterol showed a significant increase, triglycerides revealed a significant decline in the coenzyme Q10 group compared to the control group. Fasting plasma insulin/fasting glucose ratio which is an indicator of impaired insulin action showed a significant reduction in the coenzyme Q10 group than the placebo group. These results indicate that treatment with coenzyme Q10 reduces hypertension, hyperinsulinaemia, hyperglycaemia, hypertriglyceridaemia and increases HDLcholesterol which are indicators of insulin resistance syndrome. 27 There was a significant decrease in antihypertensive drugs in the active treatment group which also indicated that the reduction in blood pressures and drug intake may be due to coenzyme Q10 on account of a decrease in insulin resistance.
Apart from the above finding, there was a significant marked rise in the plasma levels of antioxidant vitamins A, E and C and beta-carotene from the initial low levels and a reduction in the TBARS, malondialdehyde and diene conjugates in the coenzyme Q10 group than the control group. Control group B also showed a significant rise in the plasma levels of vitamin C and beta-carotene at 4 and 8 weeks. These biochemical parameters are indicators of free radical stress in patients with hypertension and CAD. [11] [12] [13] [14] Low concentrations of vitamin C and decrease in vitamin A and E and beta-carotene initially after acute myocardial infarction with a spontaneous increase in the next few weeks of follow-up have also been reported in other studies. [28] [29] [30] [31] It seems that treatment with coenzyme Q10 has a sparing effect on other antioxidants due to its protective effects on myocardium in high risk patients with acute myocardial stress and free radical stress. Although the free radical stress is maximum during the first few hours of ischaemia and reperfusion, reactive oxygen species continue to produce free radicals during several weeks of follow-up in patients with chronic CAD and hypertension. [11] [12] [13] [14] It is possible that acute myocardial stress in acute myocardial infarction (AMI) may be associated with increased consumption of antioxidant reserve to fight against free radicals resulting in a marked decrease in vitamins and coenzyme Q10 status which recovers gradually with a decrease in myocardial stress. [28] [29] [30] [31] Therefore a part of the increase in vitamin levels in both the groups may be due to spontaneous decrease in free radical stress and increased intake through dietary supplementation. No other study has examined the effect of coenzyme Q10 on vitamin levels in patients with AMI. It is possible that a part of the decrease in blood pressure may be due to a decrease in oxidative stress, [11] [12] [13] which may be a cause of hypertension. However, there are a large number of data comparisons indicating multiple causes of hypertension in the coenzyme Q10 and placebo-treated groups. It is also not clear how many of these results are false-positive indicating further study.
The exact mechanisms how coenzyme Q10 decreases blood pressure and how oxidative stress causes hypertension and hyperinsulinaemia are not known. [11] [12] [13] Beta cells of the pancreas are highly susceptible to damage because of the poor endogenous antioxidant enzyme system. Coenzyme Q10 is also a normal constituent of beta cells and liver. 16 The beta function and glucose and fatty acid metabolism in the liver may worsen in the presence of a deficiency of coenzyme Q10, vitamin A, E and C and beta-carotene resulting in impaired insulin action and hyperinsulinaemia. [11] [12] [13] [14] 27 Oxidative stress also impairs the metabolism of arterial smooth muscle cells and endothelial function which may cause increased peripheral vascular resistance. 11 It is also possible that oxidative stress and hyperinsulinaemia may be associated with higher catecholamine levels and may predispose vascular resistance and hypertension. 27, 32 There is evidence that hyperinsulinaemia can predispose hypertension. 33, 34 Treatment with coenzyme Q10 may provide protection to beta cells of the pancreas, liver cells and arterial smooth muscles and endothelial cells resulting in improved cell metabolism and insulin action 16, 27, 32 and decrease in peripheral vascular resistance and hypertension. Coenzyme Q10 is a potent antioxidant which is known to protect against genetic damage and prevent human vitronectin receptor expression. 35 This poses the possibility that coenzyme Q10 might also down-regulate insulin receptors and improve leptin expression and insulin action. 36 Leptin concentration is positively associated with insulin resistance which is secreted by a gene in obese and non-obese subjects. 26, 32, 36 It is also possible that insulin resistance syndrome observed in south Asians may, at least in part, be due to oxidative stress as a result of a poor antioxidant system. [32] [33] [34] Insulin is also known 27 to have adverse effects on proliferation of smooth muscle cells and possibly endothelial cells either directly or by potentiating growth factors.
Experimental studies indicate that coenzyme Q10 deficiency may be associated with hypertension and treatment with coenzyme Q10 can decrease blood pressures. [5] [6] [7] In one double-blind trial, Yamagami reported 37 a significant decrease in blood pressure in the intervention group. Digiesi et al [8] [9] [10] showed that coenzyme Q10 had an independent antihypertensive effect without any influence on plasma renin activity, urinary aldosterone or serum and urinary sodium and potassium. In a more recent study, 2 treatment with coenzyme Q10 (225 mg/day) in 109 patients with hypertension caused a substantial reduction in mean systolic (from 159 to 147 mm Hg) and diastolic (94 to 85 mm Hg) blood pressures with concomitant improvement in functional class, blood pressure and myocardial function. Our study also showed a significant decrease in angina pectoris and nitrate consumption indicating that coenzyme Q10 supplementation may be a drug of choice for hypertensive patients with CAD.
In conclusion, the findings of our study indicate that coenzyme Q10 administration can decrease blood pressure and a need for classical antihypertensive drugs in patients with known hypertension. Treatment with coenzyme Q10 may also decrease oxidative stress and hyperinsulinaemia which are important in the pathogenesis of hypertension and CAD in Indians. 34 Long-term intervention trials would be necessary to confirm whether treatment with coenzyme Q10 can decrease insulin resistance syndrome.
